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Preface 
The work described in the dissertation is based on the synthesis of 
heterocyclic compounds containing pyran ring system. In this context 
3-acetyl-2-oxo-2H-l-benzopyran-2-one or 3-acetyl-4-hydroxycoumarin 
was chosen as starting material. This compound upon reaction with 
DMF-DMA was converted to P-enaminone. Due to the presence of 
activated double bond in P-enaminone it was converted to P-amino 
carbonyl compounds via Aza-Michael reaction upon reaction with 
differently substituted aromatic amines. Silica supported sulfamic acid 
was used as a catalyst in this reaction using water as a green solvent. 
All the compounds were characterized based on their analytical and 
spectral data. Catalyst was characterized by XRD and SEM analysis. 
Stability of the catalyst was evaluated by DSC 
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THEORETICAL 
Theoretical 
Benzopyran derivatives have attracted much attention due to 
their diverse structural features and versatile biological properties such 
as anti-inflanimatory[l], antiplatelet aggregation[2], antioxidant[3], 
vasorelaxant[4], hypoglycemic[5], analgesic[6], antihypertensive[7], 
cytotoxic[8], anti-HIV[9], antitumor[10], antitubercular[l I], 
antimicrobial[12], antimalarial!3], antibacterial[14], antifungal[15], 
and anticonvulsant[16]. It has been reported that benzopyran 
derivatives served as important regulators for potassium cation channel 
openers[17]. The potential and recognized therapeutic indications for 
potassium channel openers (PCOs) include, among others, the 
treatment of arterial hypertension[18], angina pectoris[19], cardiac 
arrhythmias[20], bronchial asthma[21] and urinary incontinence[22]. 
PCOs have also been proposed for the prevention and/or management 
of type I, type II diabetes[23], and polycystic ovary syndrome[24]. 
Some benzopyran derivatives have reported photochemical activities as 
well[25]. 
The work on the synthesis of new heterocycHc compounds has 
made extensive use of 4-hydroxycoumarin. A lot of work has been 
reported on 4-hydroxycoumarin whereas less work has been reported 
on its derivatives viz. 3-acetyl-4-hydroxycoumarin. The literature 
survey of the last 30 years was done from Chemical Abstracts with the 
aim of finding out work done on 3-acetyl-4-hydroxycoumarin. During 
the course of the survey some examples which could provide a basis 
for future work were noted down. Out of total references collected, 
some are briefly discussed here. 
1. The reaction of 3-acetyl-4-hydroxycoumarin with 
hydroxylamine. 
3-Acetyl-4-hydroxycoumarin 1 is an interesting starting material 
for the synthesis of heterocyclic compounds of pharmacological value. 
Thus, in 1955 Klosa[26] reported that 1 affords crystalline oximes 2 on 
treatment with excess of hydroxylamine hydrochloride and potassium 
acetate in refluxing ethanol. However, Desai and coworkers[27] 
suggested that the oxime of Klosa was a cyclodehydrated product 3. 
They also said that the oxime 2 is obtained only at room temperature 
and did not undergo Beckmann rearrangement upon treatment with 
SOCI2 or PCI5 and instead gives cyclodeliydrated product 3 
(Scheme:!). Some authors[28] also have reported the formation of 
isoxazole 3 at room temperature under basic conditions. In order to 
clarify this discrepancy the reaction of 3-acetyl-4-hydroxycoumarin 1 
with hydroxylamine hydrochloride was reinvestigated by Chantegral et 
al[29] and found that the reaction of 1 with hydroxylamine under 
Kolsa's reaction conditions affords a mixture of 4 and 5. The formation 
of 4 involves the oxime 2 as intermediate and a nucleophilic attack at 
C-2 lactone carbonyl by the hydroxyimino group with ring opening 
(Scheine:2). The compound 5 is obtained by interaction of 4 with an 
excess of hydroxylamine (Scheme:3). 
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Scheme-l: Formation of isoxazole 3 by the reaction of 3-acetyl-4-
hydroxycoumarin and hydroxylamine. 
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$cheme-2: Formation of isoxazole 4 by the reaction of 3-acetyl-4-
hydroxycoumarin and hydroxylamine under Klosa's reaction 
conditions. 
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Scheme-3: Formation of isoxazole 5 by the reaction of 4 and excess of 
hydroxylamine. 
2. The reaction of 3-acetyl-4-hydroxycouinarin with thiourea and 
arylsulfonamides. 
In this reaction 3-acetyl-4-hydroxycoumarin 1 is used for the synthesis 
of some antibacterial compounds by carrying out reaction with thiourea 
and benzenesulfonamides[30]. In this context, 3-acetyl-4-
hydroxycoumarin 1 is treated with phenyl trimethyl ammonium 
bromide to afford 3-bromoacetyl-4-hydroxycoumarin 6 which is then 
treated with thiourea to give 7 in the form of bromide salt. The final 
compound sulfonamide 8a-d is obtained by treating 7 with 
arenesulfonyl chlorides (Scheme:4). 
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(I) Phenyl trimethyl ammonium tribromide, THF, 25 °C. 15 min. 
(II) (NH2)2CS, Ethanol, Reflux 30 min. 
(III) ArS02Cl, Pyridine, 25 °C, 12 hrs. 
Scheine-4: Formation of sulfonamides 8a-d from 3-acetyl-4-
hydroxycoumarin. 
3. The reaction of 3-acetyl-4-hydroxycoumarin with 
phenylhyd razine. 
Recently authors have shown the conversion of 3-acetyl-4-
hydroxycoumarin 1 into its hydrazine derivatives by performing the 
reaction under microwave irradiation using Zn[L-Proline]2 complex as 
catalyst[31] in order to obtain high yield of product as compared to the 
one obtained under conventional heating procedure. The reaction 
involved nucleophilic addition of hydrazine on acetyl carbon followed 
by cyclodehydration to form the product 9a-c (Scheme:5)[32]. 
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Scheme-5: Formation of Pyrazoles 9a-c by the reaction of 3-acetyl-4 
hydroxycoumarin 1 and phenylhydrazines under microwave irradiation. 
4. Synthesis of Chalcones from 3-acetyl-4-hydroxycoumarin. 
Chalcones are important precursors of fIavonoids[33] and are generally 
synthesised from acetophenones and aromatic aldehydes under basic 
conditions[34]. The chalcone 11 was synthesized from 3-acetyl-4-
hydroxy coumarin 1 and 3-formylchromone 10 by refluxing in ethanol 
in the presence of a catalytic amount of pyridine. These chalcones were 
converted to N containing heterocycles by treatment with hydrazine 
11a and phenyl hydrazine llb[35](Scheme:6). 
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Scheme-6: Formation of chalcone 11 by the reaction of 3-acetyl-4-
hydroxy coumarin 1 and 3-formylchromone 10. 
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5. The synthesis of 3-cynnamoyl-4-hydroxycoumarins 
A series of new 3-cynnamoyl-4-hydroxycoumarins 12 was prepared b\ 
the reaction of nucleophilic addition from 3-acetyl-4-hydroxycoumarin 
1 acting on appropriate aromatic aldehydes with pyridine and 
piperidine as catalysts[36]. 
OH O 
1 
R=2-OH, 5-Br, 4-CH3, 4-OCH3, 4-OH. 
Scheme-7: Synthesis of 3-cynnamoyl-4-hydroxycoumarin 12 
derivatives. 
6. The reaction of 3-acetyl-4-hydroxycoumarin with thien-2-yl-
carboxylic acid hydrazide. 
3-Acetyl-4-hydroxycoumarin 1 reacted with thien-2-yl-carboxylic acid 
hydrazide 13 leading to the formation of the hydrazone 14 
Spectroscopic measurements strongly suggested that the product adopts 
the tautomeric form 14a [3 7]. 
12 
Thien-2-yl-carboxylic acid hydrazide (1 mmol) was added to a solution 
of 3-acetyl-4-hydroxycoumarin (1 mmol) in propan-1-ol (20 ml). The 
mixture was refluxed for 24 h and then cooled to room temperature. 
The resulting precipitate was collected by filtration and dried to give 
N'-[l-(2,4-dioxo-2H-l-benzopyran-3(4H)-ylidene)ethyl]-thien-2-yl-
carboxylic acid hydrazide as a solid (yield 94%). The compound was 
recrystallized from propan-1-ol. 
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Scheme-8: Formation of Hydrazone 14a and 14b. 
7. Reaction of 3-acetyI-4-hydroxycouniarin with 5-chIoro-3-methyl-
l-phenylpyrazoIe-4-carbaldehyde 
5-Chloro-3-methyl-l-phenylpyrazole-4-carbaldehyde 15 reacts with 3-
13 
acetyl-4-hydroxycoumarin 1 via Claisen-Schmidt condensation to 
afford heterochalcone which undergoes facile cyclisation with 
hydrazines to give 3,5-heteroaryl-2-pyrazolines 16 in methanol in the 
presence of piperidine (Scheme;9) in quantitative yield[38]. 
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Scheme-9: Formation of 3,5-heteroaryl-2-pyrazolines 16. 
14 
8. Synthesis of 1-Aryl- and 2-Aryl[ l]benzopyranopyrazol-4-one$ 
from 3-acetyl-4-hydroxycoumarin. 
The synthesis of compounds 1-Aryl- and 2-Aryl[l]benzopyranopyrazol-
4-ones 18, 19 was achieved by cyclizing the arylhydrazones 17 of 3-
acetyl-4-hydroxycoumarin either with p-toluenesulfonic acid in 
refluxing xylene or with arylhydrazine hydrochloride in refluxing 
acetic acid[39]. 
Synthesis of Arylhydrazones 17 of 3-acetyl-4-hydroxycoumarin was 
obtained by refluxing mixture of arylhydrazine hydrochloride and 3-
acetyl-4 hydroxy coumarin 1 in ethanol (scheme: 10). 
15 
OH O 
Arylhydrazine hydrochloride/ 
Ethanol 
17 
P-Toluenesulfonic acid/ 
Xylene 
Arylhydrazine hydrochloride/ 
Benzene 
18 19 
Scheme-10: Synthesis of l-aryl- and 2-aryl[l]benzopyranopyrazol-4-
ones 18 and 19 from 3-acetyl-4-hydroxycoumarin 1. 
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DISCUSSION 
Discussion 
It is widely acknowledged that there is a growing need for more 
environmentally acceptable processes in the chemical industry. This 
trend towards what has become known as 'Green Chemistry' or 
'Sustainable Technology' necessitates a paradigm shift from traditional 
concepts of process efficiency, that focus largely on chemical yield, to 
one that assigns economic value to eliminating waste at source and 
avoiding the use of toxic and/or hazardous substances. A reasonable 
working definition of green chemistry can be formulated as follows. 
Green chemistry efficiently utilizes (preferably renewable) raw 
materials, eliminates waste and avoids the use of toxic and/or 
hazardous reagents and solvents in the manufacture and application of 
chemical products[40]. A general trend in catalysis is to transform a 
successfiil homogeneous catalyst into a heterogeneous catalytic system. 
In recent years, heterogeneous catalysts have gained much attention, as 
a result of economic and environmental benefits. They make synthetic 
processes clean, safe and high-yielding[41]. The use of heterogeneous 
solid catalysts being in a different phase than the reagents and products 
has an obvious advantage in terms of easy separation from the reaction 
mixture, allowing the recovery of the solid and eventually its reuse. 
17 
provided that the solid has not become deactivated during the course of 
the reaction[42]. The development of selective and reusable solid 
catalysts for organic reactions has been a very active area of research. 
Normally, homogeneous catalysts are developed earlier than 
heterogeneous catalysts. This is mainly due to the fact that 
homogeneous catalysts based on molecular species usually contain a 
single site that is well defined and characterizable by solution 
spectroscopy. Then, by organic synthesis it is possible to obtain a series 
of catalysts with optimized catalytic properties. In contrast to this, solid 
catalysts may contain a wide distribution of catalytic sites differing in 
their intrinsic activity and selectivity, and they are sometimes difficult 
to characterize at the molecular level. A scientifically rewarding 
methodology could, therefore, be to transform a successful 
homogeneous catalyst into a heterogeneous solid catalyst. The simplest 
strategy to perform this task is by supporting the soluble metallic 
complex or molecule on the surface of an insoluble solid[43,44]. The 
highest level of evolufion in the surface immobilization strategy is the 
covalent attachment of the organic compound or ligand to the solid 
surface. 
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Sulfamic acid is a mild and non-volatile inorganic acid, insoluble in 
common organic solvents. From both a practical and a theoretical point 
of view sulfamic acid and its derivative compounds hold considerable 
promise, but it is only through an elucidation of their chemical 
relationships as nitrogen analogs of sulftiric acid that potential 
applications will reveal themselves. A consideration of the properties 
and chemical reactions of sulfamic acid (NH2SO3H) leaves no doubt 
but that this substance may appropriately be designated as an aquo-
ammono sulftiric acid. Sulfamic acid (NH2SO3H, SA) is a dry, 
nonvolatile, non-hygroscopic, odorless white crystalline solid with an 
outstanding physical properties and stability[45]. It is commercially 
available and is a very cheap chemical. Recently, it was shown that 
sulfamic acid has the prospect to be used as a substitute for 
conventional acidic catalytic materials due to its ease of set-up, mild 
conditions, rapid reaction, selectivity, good yields, high purity of 
products and low cost, compared to its homogeneous 
counterparts[46,47]. Silica supported sulfamic acid is heterogeneous 
counterpart of sulfamic acid. This supported catalyst has many 
advantages over sulfamic acid such as recyclability, easy separation of 
catalyst and products, long catalytic life and thermal stability. 
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Enaminones are versatile synthetic intermediates that combine the 
ambident nucleophilicity of enamines with the ambident 
electrophihcity of enones[48]. There are many reports on 
ftinctionalization of enaminone in the literature by the introduction of 
different substituents on the nitrogen, the a-carbon and the P-carbonylic 
carbon atoms. These derivatives have been extensively used for the 
preparation of a variety of heterocyclic systems including some natural 
products and analogues[49]. P-Enaminones are also versatile 
intermediates for the synthesis of many bioactive molecules with a 
heterocyclic unit[50]. 
P-amino ketones are useful synthetic intermediates used in the 
synthesis of biologically active natural products and 
pharmaceuticals[51,52]. Classical methods for the synthesis of P-amino 
ketones include the Mannich reaction of methyl ketones with amines in 
the presence of paraformaldehyde, alkylation of amines with P-
haloalkyl ketones, and 1,4-conjugate addition reactions with vinyl 
ketones and amines[53]. The Marmich reaction has serious 
disadvantages, including drastic reaction conditions and long reaction 
times. The Michael addition as one of the most important C-C bond-
forming reactions has attracted much attention towards the 
20 
development of enantioselective catalytic procedures[54]. Aza-Michael 
addition of a nitrogen-centered nucleophile is a convenient way to 
introduce amine-based functionality to a P-carbon attached to an 
electron-withdrawing group[55]. Conjugate reaction of various amines 
with a,P-unsaturated carbonyl compounds provides (3-amino carbonyl 
ingredients, which have attracted great attention for their use as key 
intermediates of anticancer agents, antibiotics and other drugs[56]. 
The aim of the present study was to develop an efficient protocol for 
the synthesis of P-amino carbonyl compounds using silica sulfamic 
acid and water as a green heterogeneous catalytic system. P-Amino 
carbonyl compounds were synthesized via Aza-michael reaction 
between P-enaminone 20 and various aromatic amines (21a-h) in 
presence of silica/sulfamic acid and water. The reactions completed in 
short span of time and gave excellent yield of products (91-96%) 
(scheme:! 1). 
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OH O 
fT^^V^Sp^CHa DMF-DMA^  
^ ^ ^ ^ 0 ^ 0 70°C/30 min 
OH O 
NMe. 
^ OH O Ha 
RNHz/Silica-sulfamic acid R ^ 
HoO/Reflux ° NHR 
0 ^ 0 " " 
1 
21a-h 
Scheme-11: Synthesis of enaminone 20 and P-amino ketones 21a-h. 
The structural assignment of all the compounds was done by elemental 
and spectroscopic data (IR, NMR and mass). The IR Spectrum of 22e 
(Fig.l) showed peaks at 3116 and 3044 cm' for OH and NH groups 
respectively. Another Strong and sharp absorption band at 1683 cm' 
was assigned to coumarin carbonyl group whereas the absorption bands 
at 1639 and 1606 cm"' were assigned to carbonyl group and double 
bond of a,P-unsaturated functionality. The ' H - N M R Spectrum (Fig.2) 
showed distinctive peaks for Ha and Hb protons as a triplet at 8 
8.69(J=13.0Hz) and doublet at 6 11.43(^13.5Hz) respectively. The 
NH proton was present as a doublet at 5 7.25. The four protons of 
coumarin moiety and five protons of aniline moiety appeared as 
multiplet in the region 87.15-7.99. The '^C-NMR (Fig.3) showed 
distinctive peaks at 8176.96 and 166.21 which were assigned to 
22 
carbonyl carbon of coumarin moiety and carbonyl carbon of a,P-
unsaturated functionality. The peak at 8180.12 was assigned to C-4 
carbon containing OH group. 
Further structural conformation was provided by ESl-Mass spectrum 
(Fig.4) which showed the molecular ion peak as base peak at m/z 307.1 
(M^+1). 
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The proposed mechanism for the siHca supported sulfamic acid 
catalysed synthesis of |3-amino carbonyl compounds 22a-h can be 
visualized as given in scheme 12. 
20 
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" " C O 
Z= Silica/sulfamJc acid 
Scheme 12: Proposed reaction mechanism 
In order to establish optimized reaction conditions effects of solvents, 
various catalysts, catalyst loading etc. were investigated. 
Catalytic activity of Silica supported sulfamic acid: effect of catalysts. 
The reaction was carried out using different catalysts like sulfamic 
acid, Zn(L-proline)2, L-proline, sulphuric acid, ZnO and MgO. Zn(L-
proline)2 catalysed reaction gave moderate yield and took long time for 
28 
completion (Tablel,entry3). L-proline could not catalyse the reaction 
after refluxing for hours (table!,entry4). Sulfijric acid catalysed 
reaction took more than two hours for completion and gave 
unsatisfactory yield (tablel,entry5). Lewis acid catalysts like MgO 
(tablel,entry7) did not catalyse the reaction whereas with ZnO 
(table!,entry6) the yield was very low. Sulfamic acid catalysed the 
reaction efficiently and gave good yield (table!,entry2) but the 
catalyst could not be recycled after its use. Among all these catalysts 
silica/sulfamic acid catalysed reaction produced best results requiring 
less time for completion and producing excellent yields 
(table!,entry!). 
29 
Tablel: Effect of various catalysts for the model reaction" 
Entry 
1 
2 
3 
4 
5 
6 
Catalyst 
Silica sulfamic acid 
Sulfamic acid 
Zn(L-proline)2 
L-Proline 
Sulfuric acid 
ZnO 
Time'' 
20 min 
45min 
2h 
-
2.1 h 
4 h 
Yield%' 
96 
90 
75 
-
65 
45 
MgO 
^ Reaction of Enaminone and aniline in presence of Silica/sulfamic acid in 
water at reflux temperature. 
"Reaction progress monitored by TLC. 
'^ Isolated yield. 
Effect of solvents. 
The effect of solvents on the reaction rate as well as yield of product in 
presence of silica/sulfamic acid was studied. Solvents like methanol, 
ethanol, isopropyl alcohol, chloroform and dichloromethane gave 
unsatisfactory results. In water the reaction produced best results 
requiring less time for completion and giving excellent product yield. 
The results are summarized in table2. 
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Table 2: Effect of various solvents for the model reaction*. 
Entry Solvent Time" Yield%' 
i Water 20 min 96 
2 MeOH 2.1h 65 
3 EtOH 2.3h 57 
4 Iso-propanol 3h 42 
5 Chloroform 
6 Dichloromethane 5h 35 
^ Reaction of Enaminone (20) and aniline in presence of Siiica/sulfamic acid 
in water at reflux temperature. 
''Reaction progress monitored by TLC. 
^Isolated yield. 
Catalyst loading. 
The model reaction was performed using different amounts of 
siiica/sulfamic acid in water. In order to optimize the amount of 
catalyst used for the catalysis of the reaction to form the desired 
product, we analysed the reaction by varying the loading amount to 40, 
60, 80, 100 and 120 mg of sulfamic acid/silica. It was found that the 
1 OOmg of the catalyst was sufficient to give optimum yield (91-96%) in 
less reaction time (20-25min). A more than lOOmg of the catalyst does 
31 
not have any profound effect on rate but decreased the yields sHghtly 
(table3). 
Table 3: Effect of catalyst loading on the model reaction .^ 
Entry Catalyst(mg) Time" Yield%' 
i 40 60min 78 
2 60 50min 81 
3 80 35min 85 
4 100 20min 96 
5 120 20min 94 
^ Reaction of Enaminone (20) and aniline in presence of Silica/sulfamic acid 
in water at reflux temperature. 
''Reaction progress monitored by TLC. 
'^ Isolated yield. 
Recyclability of catalyst. 
Recyclability of the catalyst was evaluated by model reaction in 
presence of silica/sulfamic acid in water. After completion of the 
reaction the catalyst was recovered by extracting the mixture with ethyl 
acetate. The product dissolved in the organic layer was separated by 
simple filtration. After filtration the catalyst was washed with ethyl 
32 
acetate, dried in oven at 130°C and reused for subsequent cycles. The 
catalyst exhibited good catalytic activity up-to five cycles after which 
the yield decreased (table4). The catalyst morphology was preserved 
during the reaction as can be seen from XRD (Fig.Sb) and SEM 
(Fig.6c) analysis after five catalytic cycles. 
Table 4: Recycling data of the catalyst for the model reaction .^ 
Catalyst recycles Time** Yield % ' 
i 20 96 
2 20 96 
3 22 95 
4 23 95 
5 25 92 
^ Reaction of Enaminone (20) and aniline in presence of Silica/sulfamic acid 
in water at reflux temperature. 
''Reaction progress monitored by TLC. 
^Isolated yield. 
Characterization of the catalyst. 
The catalyst was characterized by XRD and SEM analysis. The 
stability of the catalyst was evaluated by DSC studies. 
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Powder X-ray diffraction (XRD) analysis 
The structure of the prepared catalyst siHca/sulfamic acid was 
identified by powder XRD. X-ray patterns of the catalyst was recorded 
at 20 = 10-70° range. These X-ray patterns of the catalyst showed that 
the catalyst is crystalline in nature (Fig.5). 
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g.5: XRD spectra (a) of freshly synthesised catalyst and (b) of catalyst 
after five catalytic cycles. 
SEM analysis of the catalyst 
To study the surface morphology of the catalyst, SEM micrographs of 
the catalyst was employed. The SEM images of the catalyst (Fig.6a 
and b) showed an even distribution of sulfamic acid on the surface of 
the silica gel. No conglomeration or layering of sulfamic acid was 
observed on the surface of silica gel. The increased reactivity of 
sulfamic acid supported on silica material may be due to the catalyst 
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and support interactions resulting in the changes in surface properties 
of reactive sites. To the best of our loiowledge there is no report on the 
characterization of the catalyst (sulfamic acid/Si02) using SEM study. 
^ ^ o 
^ 
^ ^ ^ 
S3400N 20 OkV 6 7mm > H 
w^^ 
t 
^ H I H 
20 0um 
^ 
L 
. — • • * " ^ h~ 
'^Ar«^ 
I 
^ i^  ,^ 
S3400N 20 OkV 6 7mm x20 Ok SE , ^ i . 
Fig.6: SEM images (a) and (b) of freshly synthesised silica supported 
sulfamic acid. 
SEM image (c) of the catalyst after five catalytic recycles. 
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DSC analysis 
The stability of the catalyst under these reaction conditions was 
evaluated by DSC analysis of the sample. DSC analysis was performed 
in the temperature range of 20 - 500 °C at a constant heating rate of 20 
°C /min in the nitrogen atmosphere. The DSC curve (Fig.7a) shows an 
irreversible endothermic transition at 129 °C, which may be due to the 
loss of adhered water molecules trapped in silica gel framework. The 
stability of the catalyst is increased by supporting with silica molecules 
as silica supported sulfamic acid shows melting peak at 501 °C while 
sulfamic acid shows this peak at 356 °C. All other exothermic or 
endothermic peaks observed in sulfamic acid also disappear by 
supporting it with silica (Fig.7b). 
\ ) 
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Fig.7a and b: DSC analysis of (a) Silica supported sulfamic acid and 
(b) sulfamic acid. 
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Catalytic reaction 
The reactions were carried out between enaminone (20) and aromatic 
amines using silica supported sulfamic acid as a catalyst in water at 
reflux temperature (Table 5). 
Table 5: Synthesis of p-amino ketones using silica/suifamic acid as a catalyst in 
water at reflux temperature. 
Product 
22a 
22b 
22c 
22d 
22e 
22f 
22g 
22h 
R 
4-CIC6H4 
3-NO2C6H4 
4-OCH3C6H5 
4-NO2C6H4 
CeHs 
4-OHC6H4 
4-CH3C6H4 
C5H4N 
Time (min)' 
22 
25 
24 
21 
20 
20 
25 
22 
YieldCyo)" 
94 
92 
95 
94 
96 
95 
94 
91 
Reaction progress monitored by TLC. 
''Isolated yield. 
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EXPERIMENTAL 
Experimental 
General: 
Melting points of all synthesized compounds were taken in a Riechert 
Thermover instrument and are uncorrected. The IR spectra (KBr) were 
recorded on Perkin Elmer RXI spectrometer. ' H N M R and '^ C NMR 
spectra were recorded on a Bruker DRX-400 and Bruker Avance 11 500 
spectrometer using tetramethylsilane (TMS) as an internal standard and 
DMSO-i/g/CDCls as solvent. Mass spectra were recorded on 
Micromass Quattro II (ESI) spectrometer. Elemental analyses (C, H 
and N) were conducted using the Elemental vario EL 111 elemental 
analyzer and their results were found to be in agreement with the 
calculated values. DSC data was obtained with DSC-60 Shimadzu 
instrument. X-ray diflfractograms (XRD) of the catalyst were recorded 
in the 20 range of 20-80° with scan rate of 4°/ min on a Rigaku Minifax 
X-ray diffractometer with Ni-filtered Cu Ka radiation at a wavelength 
of 1.54060° A. The SEM characterization of the catalyst was 
performed on a JEOL JSM-6510 scanning electron microscope 
operating at 20kV. 
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All solvents and chemicals used were AR grade. The chemicals were 
purchased from Merck (Mumbai, India), Fluka chemicals (Switzerland) 
and used without further purification. The purity of compounds was 
checked by thin layer chromatography (TLC) on glass plates coated 
with silica gel G254 (E. Merck) using chloroform-methanol (3:1) 
mixture as mobile phase and visualised by iodine vapours and alcoholic 
ferric chloride. 3-Acetyl-4-hydroxy coumarin was synthesised by 
reported procedure [5 7]. 
p-Enaminone (20) was synthesised by reported procedure[58] as 
follows: 
A mixture of 3-acetyl-4-hydroxycoumarin 1 (1.00 mmol) and DMF-
DMA (1.00 mmol) was added into a round bottom flask. The resulting 
mixture was heated at 70 °C in an oil bath for 30 min. The progress oi' 
reaction was monitored by TLC. The reaction mixture (after being 
cooled to room temperature) was poured into ice cold water (20 mL) 
and stirred for 5-10 min. The bright yellow solid, thus, obtained was 
filtered, washed with water, dried and recrystallized fi-om ethanol to 
afford the pure product 20. 
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Synthesis of Silica supported sulfamic acid. 
To a mixture of sulfamic acid (4gm) and silica gel (lOgm) was added 
20ml of double distilled water. The mixture was stirred at 120 °C to 
allow silica gel to absorb sulfamic acid on its surface for one hour. A 
powder remained after removal of water, was placed in oven to be 
dried at 130 °C for 3 hours. The prepared catalyst was then used in the 
reaction. 
Synthesis offi-amino carbonyl compounds. 
A mixture of p-enaminone (20) (Immol), aromatic amines (Immol), 
silica supported sulfamic acid (100 mg) and water was taken in a round 
bottom flask and refluxed for the specified time. After completion of 
the reaction (monitored by TLC), the reaction mixture was allowed to 
cool and added ethyl acetate. The crude product was extracted fi-om the 
mixture by simple filtration of organic layer. The catalyst in remaining 
aqueous layer was filtered, washed with ethyl acetate, dried in oven at 
130°C and reused for subsequent cycles. The compounds (22a-h) were 
recrystallized from ethanol. 
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Reaction of p-enaminone(20) with para chloro aniline. 
Formation of 3-(4-Chlorophenylamino)-l-(4-hydroxy-1 -benzopyran-
one-3-yl)prop-2-en-l-one 22a. 
Spectral data: 
M.P 260-265 °C. 
IR(KBr):v^ax/cm -1 : 3282(OH), 3076(NH), 1688 
andl649(CO), 1609(C=C). 
' H N M R (500MHZ, D M S O ) : 5 ppm 7.33-7.99(8H,m,Ar-
region), 
7.25( 1 H,d,NH),8.67( 1 H,t,j=10.5 
Ha), 11.42(lH,dj=10.0,Hb). 
'^CNMR (400MHz, DMSO) : 8 ppm 180.16, 177.21, 160.23, 
158.15, 155.71, 152.08, 142.21, 
135.32, 133.21, 129.76, 127.42, 
125.12, 123.05, 121.05, 120.81, 
118.76, 116.42, 101.21. 
Anal. Calcd (C,8H,2C1N04) :C,63.34;H,3.52;N,4.10 
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Anal. Found (C,8H,2C1N04) :C,63.37;H,3.51;N,4.12. 
M^ : 341.10 
Reaction of p-enaminone(20) with meta nitro aniline. 
Formation of 3-(3-Nitrophenylamino)-l-(4-hydroxy-l-benzopyran-2-
one-3-yl)prop-2-en-1 -one 22b. 
Spectral data: 
M.P : 240-245 °C. 
IR(KBr):Vmax/cm- : 3187(OH), 3046(NH), 1683 
and 1641 (CO), 1606(C=C). 
'HNMR (400MHz, DMSO) : 6 ppm 6.89-7.97(8H,m,Ar-
region), 
7.23( 1 H,d,NH),8.62( 1 H,t,J= 12.0 
,Ha), 11.38(lH,d,J-12.5,Hb). 
'^ CNMR (400MHz, DMSO) : 5 ppm 179.23, 175.42, 166.05, 
160.21, 157.26, 150.18, 141.76, 
133.76, 132.06, 129.23, 127.67, 
124.03, 122.25, 121.62, 120.03, 
119.12, 117.20, 103.63. 
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Anal. Calcd (CigHizNsOg) C,61.36;H,3.41;N,7.95 
Anal. Found (Ci8H,2N206) C,61.35;H,3.45;N,7.93 
M" 352.30. 
Reaction offi-enantinone(20) with para methoxy aniline. 
Formation of 3-(4-Methoxyphenylammo)-l-(4-hydroxy-l-henzopyran-
2-one-3-yl)prop-2-en-l-one 22c. 
Spectral data: 
M.P : 240-245 °C. 
IR(KBr):v„,ax/cm-' : 3280(OH), 3184(NH), 1683 
and 1627(CO), 1606(C=C). 
' H N M R (400MHZ, D M S O ) : 5 ppm 3.75(3H,s),7.33-7.99 
(8H,m,Ar-region),7.25 
(lH,d,NH),8.67(lH,t, 
J=10.5,Ha),11.42(lH,d, 
J=10.0,Hb). 
'^CNMR (400MHz, DMSO) : 5 ppm 177.71, 172.98, 164.25. 
158.23, 156.62, 149.68, 142.91, 
134.43, 132.95, 129.14, 128.72, 
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. ,>..ii 
125.30, 123.52, 122.42, 121.13, 
118.11, 116.45, 104.63,55.8. 
Anal. Calcd (CigHisNsOe) C,67.71;H,4.45;N,4.15 
Anal. Found (CigHijNjOe) C,67.75;H,4.47;N,4.14 
M' 337.21, 
Reaction of p-enammone(20) with para nitro aniline. 
Formation of 3-(4-Nitrophenylamino)-l-(4-hydroxy-l-benzopyran-2-
one-3-yl)prop-2-en-l-one 22d. 
Spectral data: 
M.P 245-250 °C. 
IR(KBr):v„ax/cm" : 3288(OH), 3154(NH), 1687 
and 1632(CO), 1606(C=C). 
' H N M R (400MHZ, D M S O ) : 8 ppm 6.92-7.99(8H,m,Ar-
region), 7.15(lH,d,NH), 
8.71(lH,t,J=11.0,Ha), 
11.42(lH,d,J=11.5,Hb). 
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13 CNMR (400MHz, DMSO) : 8ppm 178.83, 174.18, 166.76, 
159.81, 155.25, 150.80, 141.66, 
134.60, 131.25, 129.57, 127.05, 
125.42, 121.86, 120.51, 119.86, 
118.12, 115.33, 102.31, 
Anal.Calcd(C,8H,2N206) C,61.36;H,3.41;N,7.95 
Anal. Found (CigHisNsOs) C,61.39;H,3.40;N,7.94 
M^ 352.31, 
Reaction of p-enaminone(20) with aniline. 
Formation of 3-(Phenylamino)-l-(4-hydroxy-l-benzopyran-2-one-3-
yl)prop-2-en-1 -one 22e. 
Spectral data: 
M.P 250-255°C. 
IR(KBr):Vn,ax/cm- : 3116(OH), 3044(NH), 1683 
and 1639(CO), 1606(C=C). 
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' H N M R (400MHZ, D M S O ) : 8 ppm 7.15-7.99(9H,m,Ar-
region), 7.25(1 H,d,NH), 
8.69(lH,V=13.0,Ha), 
11.43(lH,d,J=13.5,Hh). 
'^CNMR (400MHz, DMSO) : 8 ppm 180.12, 176.96, 166.21, 
162.14, 158.13, 153.51, 142.33, 
138.78, 137.21, 133.36, 127.12, 
124.98, 123.34, 120.11, 115.81, 
112.35, 107.31, 105.19. 
Anal. Calcd (C,8H,3N04) : C,70.42; H,4.23; N,4.56 
Anal. Found (C,8H,3N04) : C,70.39; H,4.27; N,4.55 
M^ : 307.12. 
Reaction of p-enaminone(20) with para hydroxy aniline. 
Formation of 3-(4-Hydroxyphenylamino)-l-(4-hydroxy-l-benzopyran-
2-one-3-yl)prop-2-en-1 -one 22f. 
Spectral data: 
M.P : 255-260°C. 
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IR(KBr):v^ax/cm' 3187 and 3119(OH), 
3036(NH), 1688 and 1649(C()), 
1609(C=C). 
' H N M R (400MHZ, D M S O ) : 5 ppm 6.79-7.98(8H,m,Ar-
region), 7.16(]H,d,NH), 
8.59(lH,V=10.5,Ha), 
9.58(1 H,s), 
11.48(lH,d^=12.0,Hb). 
'^CNMR (400MHz, DMSO) : 8 ppm 179.11, 171.75, 167.21, 
162.94, 157.83, 153.76, 150.13, 
142.43, 133.91, 131.89, 127.73, 
124.53, 120.96, 119.48, 116.21. 
112.11, 105.68, 103.23. 
Anal.CaIcd(C,8H,3N05) C,66.93; H,4.02; N,4.33 
Anal. Found (CisHoNOs) C,66.89; H,4.05; N,4.35. 
M^ 323.21, 
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Reaction of p-enaminone(20) with para methyl aniline, 
3-(4-Methylphenylamino)-l-(4-hydroxy-l-benzopyran-2-one-3-yl)prop-
2-en-l-one llg. 
Spectral data: 
M.P : 240-245°C. 
IR(KBr):v„ax/cm- : 3172(OH), 3036(NH), 1676 
andl635(CO), 1606(C=C). 
' H N M R (400MHZ, D M S O ) : 8 ppm 2.86(3H,s), 6.94-
7.98(8H,m,Ar-region), 
7.24(1 H,d,NH), 
8.67(lH,U=11.0,Ha), 
11.35(lH,d,y=12.0,Hi,). 
13 CNMR (400MHz, DMSO) : 8 ppm 178.92, 170.52, 165.11, 
161.23, 156.18, 152.80, 140.75, 
138.21, 136.12, 132.51, 128.28, 
125.02, 122.41, 121.08, 116.22, 
113.53, 105.42, 101.47,43.41. 
Anal. Calcd(C|9H,5N04) :C,71.09;H,4.67;N,4.36 
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Anal. Found (C19H15NO4) C,71.12;H,4.63;N,4.35 
M" 321.10. 
Reaction of p-enaminone(20) with 2-amino pyridine. 
Formation of 3-(2-Pyridylamino)-l-(4-hydroxy-l-benzopyran-2-one-3-
yl)prop-2-en-1 -one 22 h. 
Spectral data: 
M.P : 260-265°C. 
IR(KBr):Vmax/cm- : 3118(OH), 3038(NH), 1688 
and 1633(CO), 1609(C=C). 
'HNMR (400MHZ, D M S O ) :8ppm6.99-8.l5(8H,m,Ar-
region), 7.15(lH,d,NH), 
8.43(lH,t,J=12.0,Ha), 
11.42(lH,d,J=12.5,Hb). 
'^ CNMR (400MHz, DMSO) : 8 ppm 180.27, 176.22, 164.57, 
162.35, 165.51, 153.28, 150.11, 
142.70, 135.08, 132.24, 129.31, 
124.06, 121.22, 120.24, 115.72, 
112.38, 102.14. 
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Anal. Calcd (C,7H,2N204) : C,66.29; H,3.90; N,9.09 
Anal. Found (C,7Hi2N204) : C,66.25; H,3.94; N,9.08 
M^ : 308.30. 
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